The incidence and pattern of fractures in children who had been abused were compared with those of fractures sustained by children of similar ages in whom abuse had been excluded. From 1976 to 1982 there were 35 children with fractures resulting from child abuse, and all were aged under 5. Of the 826 children in the control group, seen from January to June 1981, 85% were aged over 5. Abused children were much more likely to have multiple fractures (p<0-001) and bruising of the head and neck (p<0-001).
Introduction
Since Kempe et al first published their description of the battered child syndrome in 1962 doctors have learnt to recognise obvious cases of child abuse.' As in other branches of medicine, descriptions of the gross disease allow it to be diagnosed before more serious manifestations develop. Evidence from studies by the National Society for the Prevention of Cruelty to Children suggests that the rate of physical injury has increased from 0 46/1000 children in 1976 to 0-63/1000 in 1982 but that the proportion of serious injuries has fallen from 17% to 10%. 2 Since 1973, when area review committees were set up throughout the United Kingdom, much work has gone into the management of child abuse. The multidisciplinary approach has taught many doctors about the roles of different agencies. After a case conference it is usually social services departments or the National Society for the Prevention of Cruelty to Children that plays the major part. They institute care proceedings, arrange fostering, and have the resources to organism institutional care or therapeutic programmes in the home. The role of doctors is less clear. They may be required to give evidence in court; paediatricians will probably follow up the family in the outpatient clinic; general practitioners and their health visitors will review the families in their own home; clinical medical officers will follow up in clinics or schools; and psychiatrists may be seeing the parents.
The main role of doctors, however, is in diagnosing child abuse; investigations are started by them in perhaps half of the cases. They are often asked to do this only on the basis of the injuries sustained. In gross cases this may not be difficult, but in earlier and less severe cases it is almost impossible without a great deal of further information about the family history, delay in seeking medical advice, adequate explanation, and other well documented factors. 4 In During the first six months of 1981, 854 children attended the accident department of the University Hospital, Nottingham, because of a fracture. Of these children 28 were excluded because their history was thought to be inconsistent with the injury sustained. Subsequent investigation confirmed non-accidental injury in only two of these children, and they were included in the non-accidental injuries group. Thus 826 children formed the control (accidental injuries) group. Table I shows the age distribution of the children in each group. No child over the age of 5 had a fracture resulting from child abuse. There were therefore 116 children under 5 in the accidental injuries group available for direct comparison. The non-accidental injuries group comprised 24 boys and 11 girls, and the accidental injuries group comprised 59 boys and 57 girls; the preponderance of boys in the non-accidental injuries group was not significant (x2-=3-41, df= 1). The census data for Nottingham showed that in 1981 there were 10989 children aged under 18 months and 23 564 children aged 19-60 months; thus the estimated annual incidence of fractures from child abuse (based on an average of five cases a year) was 4/10 000 for children aged under 18 months and 0 4/10 000 for children aged 19-60 months.
In the non-accidental injuries group nine children sustained one fracture, seven sustained two, and 19 children three or more. No child in the accidental injuries group had more than two fractures: 97 children had only one fracture and the other 19 had two fractures. This difference was significant (X2 =76-0, df=2, p<0 001). Table II shows the association of these fractures with other injuries in both groups. Of the 25 children in the non-accidental injuries group with significant associated bruising, 18 were injured on the head and neck (72%). Among the miscellaneous injuries in the non-accidental injuries group there was one child with a cigarette burn. In the non-accidental injuries group 12 children sustained 16 fractures of the skull, while in the accidental injuries group there were 18 children with 23 fractures ofthe skull. Such fractures in children who had not been abused were usually single, linear fractures of the parietal bone, while those resulting from abuse were more often multiple or complex and more likely to affect the temporal or occipital bones. Larger numbers, however, would be necessary to establish whether these differences were significant.
Discussion
Although there have been previous descriptions of the fractures sustained after child abuse, in none of these studies was the population clearly defined, so incidences could not be calculated."' No previous study has compared the pattern of fracture in abused children with the pattern in normal children.
Although boys are more often subject to physical abuse than girls,2 we found no significant difference in our series. This is in accordance with the findings of Akbarnia et all and Kogutt et al, '°a nd it thus appears that boys and girls are equally likely to sustain fractures due to non-accidental injury.
No child over 5 years of age had a fracture resulting from abuse, and 80% of fractures in abused children occurred when they were less than 18 months of age. This is in contrast to normal children, in whom 85% of fractures occurred over the age of 5. In a detailed study of the 826 normal children with fractures after accidental injury we have shown significant differences in incidence, aetiology, and pattern of fractures among infants, toddlers, and schoolchildren as defined earlier (P Worlock and M Stower, unpublished). These age groupings seem to represent more logical stages in a child's development as well as reflecting differing risk factors. In that same study the annual incidence of fractures in children aged under 18 months was 34/10 000, and in children aged 19-60 months it was 96/10 000. In this series the incidence of fractures after nonaccidental injury was 4/10 000/year in children aged under 18 months; this suggests that in Nottingham one child in eight in this age group with a fracture may be a victim of child abuse.
The presence of multiple fractures resulting from abuse has been previously recorded,"2 and these findings are confirmed by the present study. In an earlier study from Nottingham Roberton et al reported that soft tissue'injuries of the face and'neck were more common in abused children. 6 We have confirmed this finding, and the association of a fracture and a soft tissue injury of the head and neck is strongly suggestive of child abuse. Metaphysial chip fractures, as classically described by Kempe et al,' have been reported to be very common in non-accidental injury.911"3 We found that they account for only 11% of fractures resulting from abuse, and this has reinforced our clinical impression that theselesions are less common. We found fractures ofthe ribs to be very common after non-accidental injury: of 826 children in the control group, only one child had fractures of the ribs, and these resulted from severe blunt chest trauma in a road traffic accident. Fractured ribs have not previously been thought to-be common in child abuse.'01' Smith et al suggested that this is because these fractures occur at the costovertebral junction and this area is difficult to visualise radiologically; they reported four cases of multiple costovertebral fractures resulting from abuse that were diagnosed with technetium bone scanning-and recommended this technique.'4 Our experience suggests that the presence of multiple fractures of the ribs on skeletal survey in the absence of a history of major chest trauma is-strongly suggestive of child abuse.
It has been suggested that ifa fracture ofthe skull is present it may be possible to diagnose abuse from the fracture alone."5 The characteristics of injuries resulting from abuse are multiple or complex fractures, damage to more than one bone, non-parietal fractures, and depressed and growing fractures. Although we found this trend in our cases, the difference was not significant, but this may have been because of our small numbers. Child abuse cannot be diagnosed from the patterns of fractures alone. We hope that this study will give some guidance to those concerned in the initial assessment of injured children. If unusual patterns of fractures and associated injuries are seen a full and careful assessment by medical staff experienced in this work is essential.
